Introduction
Traditionally gold has not been considered as a useful catalyst due to its chemical inertness. However, recent studies have found that when the feature size decreases to the nanometer scale, the nanostructured gold can exhibit unusual catalytic properties in several important reactions such as energy generation, environment protection and biosensing. [1] [2] [3] [4] [5] [6] Much effort has been devoted to develop novel nanostructured gold with various morphologies to exploit the innovative nanoscale chemical effects. 7, 8 Nanoporous gold (NPG) with high surface area can be fabricated by selectively etching an alloy, i.e., dealloying, and the as-evolved bi-continuous open ligament/ channel structure enables fast transport of medium molecules and electrons, which is particularly benecial for electrocatalysis. [9] [10] [11] Over the past decade, methanol electro-oxidation reaction (MOR) has been receiving great attentions due to its importance in direct methanol fuel cells (DMFCs). [12] [13] [14] Generally, the surface of Pt or Pt based catalysts is easy to be poisoned by the intermediate species formed in MOR, which further declines the catalytic activity. 15, 16 Surprisingly, the unique oxidation mechanism of MOR on NPG electrode protects it free from poisoning. 12, [17] [18] [19] [20] And the specic reaction steps are described in discussion parts.
The excellent catalytic performance of NPG mainly depends on the uniform and small nanopore size. 21 Several reports have proved that by adjusting the precursor alloy component, [22] [23] [24] dealloying time, 25 dealloying temperatures, 26 and etching solutions, [27] [28] [29] the pore size of nanoporous gold can be tuned. Bäumer et al. 30 have found that surface Ag impurities are crucial for the remarkable oxidative activity of NPG. Our previous report noted that NPG with a three-dimensional (3D) bicontinuous interpenetrating ligament-channel structure can be prepared by dealloying the melt spun Al 2 Au ribbon precursors with different circumferential speeds (S c ). 31 We also can further enhance the catalytic activity for MOR by adjusting magnetic eld in dealloying. 32 Recently, given its large specic surface area, 33 unique electronic properties, [34] [35] [36] [37] and excellent mechanical strength and exibility, [38] [39] [40] graphene, 41 a at monolayer of carbon atoms densely packed into a 2D honeycomb lattice, is a promising support to disperse catalytically active metal nanoparticles. [42] [43] [44] Several monometallic nanoparticles, such as Pd, 45 Pt, 46 Au, 47 and Ag 48 have been successfully dispersed on graphene, and the hybrids exhibit an impressive catalytic performance in various reactions. A strong metal-graphene interaction was revealed and may contribute to the enhanced catalytic performances of the supported monometallic nanoparticles. 42, 49 In the aspect of LIB application, the silicon/reduced graphene oxide (Si/RGO) nanocomposites show a high reversible capacity and excellent rate capability. 50 The RGO anchoring could act as both conductive agent and buffer layer for Si volume change in the charge-discharge process. According to the Feng et al., [51] [52] [53] by employing graphene as outer shell to completely encapsulate metals, it can effectively avoid the inside metals from being destroyed in harsh environments. And we are devoted to research the effect of graphene incorporating Au on the pore size and catalytic activity of NPG.
Herein, we provide a facile method to fabricate nanocomposites of NPG and RGO by dealloying Al 2 Au ribbons and powders in the acid environment containing certain graphene oxide solution. During the dealloying process, GO was reduced by the reaction between Al atoms and HCl solution, further forming an Al-Au/RGO structure; then NPG/RGO nanocomposites were fabricated accompanying with the removal the residual Al in the HCl solution ( Fig. 1) . In a GO solution, the surface of the Al-Au alloy is positively charged accompanied by the Al atoms loses electrons, then the GO sheets can be easily partially reduced aer accepting electrons because the abundant oxygen-containing functional groups exist in the surface of GO. The partially reduced GO sheets become hydrophobic and easy to restack on the Al-Au alloy surface in order to minimize their surface energy. The residual Al can be removed by adding excessive HCl solution, forming nanoporous gold/reduced graphene oxides nanocomposites. In this process, thanks to their exibility and ductility, RGO sheets intersperse randomly on the sphere-structure of NPG, further forming an armour-like structure.
Experimental section

Materials synthesis
A graphene oxide (GO) aqueous solution was synthesized by the typical modied Hummers' method. 54 The pure bulk metals (Au, 99.99%; Al, 99.99%) were purchased from Zhaojin Group Co., Ltd (Yantai, China), and Trillion Metals Co., Ltd (Beijing, China), respectively. Concentrated hydrochloric acid (AR, 37.5 wt%), concentrated sulfuric acid (AR, 98.3 wt%), potassium hydroxide (99.99 wt%), methanol (GR) etc. were supplied by Sinopharm Chemical Reagent Co., Ltd. Firstly, the inuence of graphene oxide (GO) on the dealloying process of precursor Al 2 Au ribbons was investigated. The prepared details can be referenced from our former works. 31 Typically, several Al 2 Au ribbons (totally about 3 g) were rstly soaked in certain GOconcentrated solution, then 10 wt% HCl solution was slowly added into graphene oxide solutions, the nal GO concentration C GO of which varies from 0 to 100 ppm, respectively. Until no further bubbles were observed, the etching process nished. The nanocomposite ribbon samples dealloyed in the solutions with C GO ¼ 0, 50, and 100 ppm were labeled as S0, S1 and S2, respectively.
Subsequently, according to the consequences of the NPG/ RGO ribbons, the effect of GO on the dealloying process of Al 2 Au powders was further investigated. The Al 2 Au ingot was ball-milled into micro order powders using the high energy ballmilling. 1 g Al 2 Au powders were rst dispersed in GOconcentrated solution. Aer adding HCl solution, the nal C GO of dealloying solution is 50 ppm. The as-prepared nanocomposites powders were obtained aer a series of centrifugation and washing. For the synthesis of blank NPG, the dealloying process is similar and the dealloying solution does not contain graphene oxide. Hereaer, the obtained NPG and NPG/RGO powder samples were marked as P0 and P1, respectively.
Microstructure characterization
X-ray diffraction (Rigaku D/MAX 2500/PC diffractometer) was performed with Cu Ka radiation. The lattice constant a 0 and the preferred orientation factors F of (111) faces of samples were calculated by the extended Bragg equation and Lotgering method (eqn (S1) and (S2) †). 55, 56 The specic calculation methods were displayed in ESI. † The microstructure morphologies of nanocomposite ribbons and powders were investigated by a scanning electron microscope (SEM, Zeiss SUPRA 55) and a transmission electron microscope (TEM, JEOL JEM-2100) with selected-area electron diffraction (SAED) patterns. Some TEM specimens were also observed using high-resolution TEM (HRTEM). A Horiba Jobin-YNON co-focal laser Raman system was used to obtain the Raman spectra, equipping a He-Ne laser with an excitation wavelength of 532 nm. Thermogravimetric analysis (TGA) was performed on a Mettler-Toledo TGA/ SDTA851e Thermo Analyzer from room temperature to 800 C at a rate of 5 C min À1 .
Electrochemical measurements
Cyclic voltammetry (CV) and other tests were operated on a CHI 660E electrochemical station (Chenhua instrument Ltd., Shanghai) with a three-electrode cell system to measure the electrocatalytic activities of nanocomposites samples for methanol electro-oxidation reaction (MOR). Nanocomposites ribbons were used as the working electrodes directly. For powder samples, the catalyst suspensions were made by sonicating a mixture of 2.0 mg catalyst powders, 3.0 mg XC-72 carbon powders, 1.5 mL isopropanol and 0.5 mL Naon solution (0.5 wt%) for 30 min. Then a proper amount of the catalyst suspension was dripped on pre-polished 4 mm diameter glassy carbon (GC) electrodes for electrochemical measurements. A bright Pt plate was used as counter electrode. And a Hg/HgO (1.0 M KOH) electrode (MMO) or a Hg/Hg 2 SO 4 electrode (MSE) were used as the reference electrode, respectively. Electrolytes that we selected were 0.5 M KOH + 0.5 M methanol and 0.5 M H 2 SO 4 + 0.5 M methanol, respectively. The scanning rates v of CVs were changed from 2 to 500 mV s À1 . And the quasi steady-state anodic Tafel polarization analysis with the v of 1 mV s À1 was also measured in order to further study the sample catalytic activity for MOR. To evaluate the durability of the nanocomposite powders for MOR, the chronoamperograms (CAs) were recorded for a period of 3600 s at a xed potential of 300 mV. All current densities were uniformed with the real surface of the samples.
Results and discussion
Part 1: as-synthesized nanocomposite ribbons A. Crystal structure and constituent of the ribbon samples. As shown in Fig. 2a , the XRD patterns of NPG ribbon S0 and NPG/RGO composites S1 and S2 have four f.c.c. Au peaks (PDF no. 04-0784) with no obvious RGO peak, which is possibly due to the low content of the adsorbed GO. The lattice constant a 0 and the preferred orientation factors F of (111) face F (111) of samples are listed in Table 1 . The a 0 of ribbons increase with increasing the GO concentration (C GO ) in dealloying process, and are larger than the a 0 of standard Au (0.40786 nm). Aer dealloying, NPG has two stress regions: 57 in the effect of tension regions, the bonds between Au atoms are easy to stretch, leading to a larger a 0 (>0.40786 nm), and oppositely the compression regions result in a smaller a 0 (<0.40786 nm). Thus, the tensile stress exists in NPG/RGO ribbons (Table 1 ). In addition, F (111) values of ribbons are in the order: S1 > S2 > S0, which indicates a nonmonotonic effect of adding GO on F (111) .
Recently, NPG has been widely applied as the substrate of surface-enhanced Raman scattering (SERS) spectroscopy due to its large surface area and 3D bicontinuous porous structure. 50 As a good substrate material, the Raman spectrum of S0 exhibits a smooth curve with no obvious peak ( Fig. 2b ). Aer adding RGO, the peaks at 1320 and 1620 cm À1 in the curves of S1 and S2 are corresponding to the breathing mode of aromatic rings of graphene (D band) and stretching mode of sp 2 carbon (G band), respectively. The intensity ratio (I D /I G ) of D-band and G-band usually stands for defect degree and a higher ratio exhibits more defects formed in the synthesizing process. As shown in Fig. 2b , the I D /I G ratios of S1 and S2 samples are larger than 1.0, demonstrating that the RGO contains a large number of Table 1 The lattice constants a 0 and the preferred orientation factors F of (111) face F (111) of nanocomposite ribbons Samples S0 S1 S2 a 0 (nm) 0.40799 0.40803 0.40804 F (111) 0.0838 0.247 0.174 disordered carbon atoms, i.e. defects. 58 In addition, the present Raman spectra indicate that RGO can be effectively combined with NPG.
To further explore the thermal stability of ribbons, the weight ratio of RGO in the NPG/RGO ribbons was determined by TGA under an atmosphere of compressed air. As shown in Fig. 2c , S0 presents an almost smooth line due to its slight weight loss with the removal of trace absorbed water at 245 C, while the TGA curves of the S1 and S2 have a large loss and follow a similar trend in heating process. Except for the removal of absorbed water, the drastic weight loss starting at 245 C of S1 and S2 is also related to the pyrolysis of some oxygencontaining functional groups. The mass loss at 500 C can be attributed to burning of RGO. 53 Here, in terms of the TGA results, the weight ratios of RGO in S1 and S2 are about 1.9, and 14.7%, respectively, conrming that the amount of RGO in NPG ribbons increases with increasing C GO in dealloying process.
B. Microstructure of the as-synthesized nanocomposite. SEM was operated to demonstrate whether the dealloying strategy to prepare NPG/RGO nanocomposite ribbons is effective or not. S0 has a uniform 3D bicontinuous interconnecting structure, with the pore size of 50-100 nm ( Fig. 3a-c) . The grain boundaries can be seen clearly in the low magnication image, with the grain size distributed in 5 mm (Fig. 3c ). Aer adding GO solution in dealloying process, S1 has several transparent RGO layers in cicadas wing like shape anchored on the ligament/ channel of NPG ( Fig. 3d-f ). Here, RGO sheets are not totally covering on the NPG structure. When C GO increases to 100 ppm, the RGO layers of S2 are much thicker and darker than that of S1 ( Fig. 3g-i ). Three samples all exhibit the maze-like structure with the uniform pore size.
The TEM images of NPG in Fig. 4a and b show that S0 has a ligament (dark-skeleton)-channel (bright region) structure with the pore size of 50-100 nm, being consistent with the SEM images in Fig. 3a -c. As shown in the HRTEM image ( Fig. 4c ), S0 has regular arranged lattice fringes with the same orientation, showing a single crystalline nature. And the lattice spacing (0.234 nm) of the single nanocrystal can be indexed as f.c.c. Au (111) reection. In addition, the diffraction spots can be iden-tied as Au (Fig. 4d ), further verifying the single crystalline nature of S0.
The low magnication TEM image of S1 ( Fig. 5a ) shows that the RGO layers (as indicated in red arrow) can be observed in the edge of the NPG. S1 has a ligament/channel structure and a number of RGO layers covered on the NPG (top right corner of Fig. 5b ). The regular arranged lattice fringes with two different lattice spacings in HRTEM image ( Fig. 5c ) are corresponding to Au and graphene phases, respectively. In addition, the polycrystalline diffraction rings in the corresponding SAED pattern ( Fig. 5d ) can be indexed as Au (111), (200), (220), and (311) peaks, which veries that the nanocomposite S1 has a tremendous amount of Au nanocrystals.
C. Electro-oxidation of methanol catalyzed by nanocomposite ribbons. Fig. 6 exhibits the CVs of S0, S1, and S2 According to the oxygen adsorption measurement method, the real surface areas (A real ) of S0, S1 and S2 electrodes are 1.45, 2.25, and 2.01 cm 2 , respectively. And the surface roughness factors r f (denoted as the ratio between A real and geometry area A geom , 0.2 cm 2 ) of S0, S1 and S2 are 7.25, 11.25, and 10.05, respectively. Here, S1 has a maximal A real . The electro-catalytic activities like CVs of ribbon electrodes for MOR were shown in Fig. 7, 8 and S1-S4 † at v Generally, the CVs test is a major method to analyze the electrochemical behavior of an electrode. More analysis details can be obtained from our former reports. 32 In order to better understand the mechanism of MOR more clearly, independent CV curve of S1 electrode tested in alkaline solution is shown in Fig. S5 . † Briey, MOR on Au electrode occurs in two regions with different mechanisms. 12, 59, 60 As shown in Fig. S5 , † in the lower potential region from À0.6 to 0.4 V vs. MMO, MOR commences in the surface of oxide-free electrode. The subpeak at $À0.3 V vs. MMO (peak 1) is attributed to the emergence of the "pre-oxidation species" (eqn (1)), and l (0-1) represents the charge-transfer coefficient. 61 Au + OH À À le À / Au-OH ads (1Àl)À
With increasing potential, Au-OH ads (1Àl)À is oxidized to AuO, and formate is the mainly product of MOR through a fourelectron-transfer reaction as following: 12, 60 We can observe the appearance of peak 2 in Fig. S5 . † Au-OH ads (1Àl)À + OH À À (2 À l)e À / AuO + H 2 O (2)
As potential surpasses 0.45 V vs. MMO, the oxidation of methanol could be weakened by the transformation of Au-OH ads (1Àl)À to AuO, corresponding to the current density decreases. Beneting from the re-exposed of the fresh Au surface oxide, the oxidation of methanol to carbonate emerged on the gold oxides via a six-electron-transfer reaction (eqn (4)), leading to an obvious increment of anodic current densities for MOR (peak 3). 12,62
The step by step reaction is helpful for the oxidation of intermediates at high potential, which can eliminate the possible catalyst poisoning. 17 In the following negatively sweeping, MOR re-starts according to eqn (3) and is accompanying with the removal of dense AuO; hence, it increases the absolute values of the corresponding oxidation current densities (peak 4). 12, 62 The small peak at around À0.30 V vs. MMO (peak 5) is related with the oxygen reduction reaction in the solution. Fig. 7b shows the E pa vs. log v and E pc vs. log v curves deduced from the measured CVs. Apparently, the potential difference DE p (E pa À E pc ) increases with increasing v, suggesting the charge transfer kinetic limitation in the reaction. 63 It is well known that the electron-transfer coefficient (a), and apparent charge-transfer rate constant k s (s À1 ) can be obtained from the Laviron theory (eqn (S3)-(S5) †) if DE p > 0.2/n V. 64 We selected the curve of E pc vs. log v and obtained a and k s (0.058 and 0.053 s À1 ), which indicates that the electrochemical process is the major rate limiting step according to the former reports. 63, 65 Usually, a larger k s could represent a faster oxidation process. In addition, the linear relationship between v and peak current densities in 2-80 mV s À1 can be observed in Fig. 7c , which is ascribed to the activity of the surface redox couple. 66 Here, the surface coverage G* (mol cm À2 ) of the redox species, i.e., the immobilized active species, is deduced according to eqn (S6). † 67, 68 The calculated G* of S1 electrode is 5.10 Â 10 À6 mol cm À2 aer averaging the cathodic and anodic current densities. On the other hand, when v > 80 mV s À1 , there is a good linear relation between the current densities of anodic/cathodic peaks and v 1/2 (Fig. 7d ), leading to a diffusion control step. 66 Fig. 8a shows the CVs of S1 electrode in 0.5 M H 2 SO 4 + 0.5 M methanol solution at different v, where the "pre-oxidation species" is absent due to the low OH À concentration in the acid electrolyte. Apparently, a linear relationship between E p and log v can be observed in Fig. 8b . Using the above mentioned method, the deduced G*, a, and k s of samples in two kinds of electrolytes are summarized in Table 2 . In the presence of OH À , the G* and k s of electrodes are higher than those in the absence of OH À , suggesting that OH À plays an important role in MOR. 17 Moreover, the G* and k s of S1 are higher than those of S2 and S0. Meanwhile, the current densities of oxidation and reduction peaks of S1 are higher than those of the other samples ( Figs. 7, 8 , S1-S4), suggesting that the activity for MOR of S1 is the highest. For comparison, the CVs of electrodes in acid and alkaline solutions without methanol are exhibited in Fig. S6 . † The E p vs. log v of ribbon electrodes is given in Fig. S7. † Fig. S8 † shows the CVs of S1 electrode with 50 cycles in alkaline and acid solutions with the scan rate v of 50 mV s À1 . It can be found that with increasing the cycle, the current densities of oxidation peaks increase, indicating that electrode exhibits a good durability. 69 Tafel polarization curves of ribbon electrodes in two kinds of electrolytes are shown in Fig. 9 . The measured voltage range in alkaline acid solutions were À0.6-0.2 V vs. MMO, and 0-0.5 V vs. MSE, respectively. Several Tafel parameters such as the Tafel slopes b, exchange current densities j 0 , and corrosion potential E corr can be acquired according to eqn (S7)-(S9), † 70, 71 which are listed in Table 3 . Moreover, there are current plateaus in the anodic parts in two solutions (Fig. 9b ), demonstrating that in this region the charge transfer control is the leading step. 72, 73 The deduced b, j 0 and E corr conrm the highest activity of S1 electrode for MOR.
Part 2: as-synthesized nanocomposite powders
Besides the nanocomposite ribbon results in Part 1, the effect of GO on the dealloying process of Al 2 Au powders was further investigated.
A. Crystal structure and constituent of powders samples. The structure details such as XRD patterns and TEM images of powder precursor crushed from ingot are displayed in Fig. S9 and S10. † The XRD patterns and Raman spectra of P0, P1, GO, and RGO are shown in Fig. 10 together with the TGA curves of P0 and P1. The Au peaks of P0 are sharper than P1 ( Fig. 10a and  b) . The a 0 of P0 and P1 powders (0.40769 and 0.40667 nm) are smaller than that of the standard Au (0.40786 nm). Hence, the compressive stress is dominant in powder sample. 32, 57 In addition, the F (111) values of P0 and P1 powders are 0.006 and 0.0187, respectively. Accompanying with the reduction of GO, there is no obvious GO peaks in XRD patterns of P1. The enlarged XRD patterns show that the broaden diffractions of P1 and RGO Table 2 The surface coverage of the redox species G*, electron-transfer coefficient a and apparent charge-transfer rate constant between the electrode and the surface-deposited layer k s obtained from CVs of ribbon electrodes with v ¼ 2-80 mV s À1 in alkaline and acid solutions, respectively
Solutions
Samples G* (10 À6 mol cm À2 ) a k s (s À1 ) 0 diffractions are overlapped (Fig. 10b) . The broadened peaks of P1 are probably attributed to the RGO. The intensity of D band of P1 is slightly higher than that of G band in Raman spectrum (Fig. 10c) , indicating that the RGO in P1 contains a large number of disordered carbon atoms and defects. RGO can be effectively combined with the nanostructure of NPG according to the Raman spectra results. The mass loss at around 500 C is probably attributed to burning of RGO (Fig. 10d) 53 and the weight percent of RGO in P1 samples are about 8.6%.
B. Microstructure of the as-synthesized nanocomposite powders. As shown in Fig. S11 , † SEM images of P0 is similar with S0 except for the certain ligament coarsening. SEM images of P1 show a uniform maze-like structure with the attachment of several transparent RGO layers, accompanying with broadening of ligament ( Fig. 11a and b ). As shown in Fig. 11c and d , the sphere-structure NPG is surrounded by the RGO clusters. During milling the precursor ingot, RGO sheets intersperse randomly on the spherical NPG powders to reduce their surface energy and form an armour structure. We suppose that the unique structure plays a facilitating role in the electro-catalytic behavior of NPG.
The typical TEM images of P0 are analogous to S0 and not shown here. In TEM images of P1 (Fig. 12a-c) , gray RGO layers are combined with the dark NPG in a ligament/channel structure. The corresponding SAED pattern (Fig. 12d) consists of polycrystalline diffraction rings and is consistent with those in Fig. 5d , which veries that the nanocomposite powder sample is also composed of a tremendous amount of Au nanocrystals.
C. Electro-oxidation towards methanol of as-synthesized nanocomposites samples. As shown in CVs of P0 and P1 in alkaline methanol solution ( Fig. 13a and b ), the oxidation peaks H 1 and H 2 in the low potential regions (À0.6-0.4 V vs. MMO) represent the formation of "pre-oxidation species" (eqn (1)) and the oxidation of methanol to formates (eqn (2) and (3)), respectively. When potential is higher than 0.45 V vs. MMO, the formation of peak H 3 is associated to the methanol oxidation via eqn (4), leading to the obvious increase of the anodic current density. An obvious reduction peak H 4 can be observed in the negatively-going scan, which is related to the removal of dense AuO layer, and further stimulate the eqn (1) reaction.
The MOR behavior of P0 and P1 electrodes in acid electrolyte is similar to alkaline solution except for H 1 peaks ( Fig. 13c and  d) . In both cases, the current densities of P1 electrode are higher than that of P0 electrode. Tafel curves of P0 and P1 electrodes are shown in Fig. 14. According to eqn (S7)-(S9), † the parameters obtained from Tafel curves of electrodes are listed in Table  4 . These parameters further verify that P1 has a higher catalytic activity for MOR than P0 electrode, consisting with the CVs results. The stability of a catalyst is an important requirement for its practical applications. In order to evaluate the stability of P0 and P1 for MOR, chronoamperograms (CAs) are recorded for a period of 3600 s at a xed potential of 300 mV in alkaline ( Fig. 14c ) and acid solutions (Fig. 14d) , respectively. For P0 and Table 3 The corrosion potential E corr (V), anodic slope b a (mV dec À1 ), and exchange current density j 0 (mA cm À2 ) obtained from Tafel curves of ribbon electrodes in alkaline and acid solutions, respectively
Samples P1 electrodes, a rapid current decay appears within the limited seconds, accompanying by a slow drop until it reaches a smooth state. According to the literature, 74 the formation of double layer capacitance leads to the fast drop at rst, and the following decay of the CAs is related to the accumulation of intermediate species during the process of methanol decomposition. The current density gradually reaches a quasi-equilibrium steady state with the further polarization. Moreover, the current density for P1 in both solutions is higher than that for P0 electrode in the whole process, indicating that P1 exhibits a relatively higher activity for MOR. Fig. S12 † also presents SEM images of P1 electrode aer electrochemical tests, implying the marvelous structural stability of P1 electrode. Firstly, the activity for MOR of samples is in the following order: S1 > S2 > S0 and P1 > P0. The F (111) of ribbon samples ranks as S1 > S2 > S0 (Table 1 ) and the F (111) of powder samples is P1 > P0. According to the report, 75 the anodic current density of Au (111) is the highest compared to those of Au (110) and (100), demonstrating that under the same conditions, Au (111) is more active than the other faces. This result can also be proved in our former works. 32, 76 We speculated that the formation of the low-index crystal plane (111) can be effected by the reduction of GO. The specic formation mechanism can be further investigated. Secondly, raising r f of a catalyst can improve its catalytic activity due to two facts: 18 (1) the A real of nanocomposites can be extended by the attachment of RGO sheets and supply more active sites for MOR; (2) the interconnected nanoporous channels of NPG can provide a faster pathway for transfering charge/ ions with a larger pore size.
Finally, S0 has a single crystal structure with a regular crystal face arrangement ( Fig. 4) , but S1 and P1 bear a polycrystal structure with a tremendous amount of Au nanocrystals as well as a few RGO ( Fig. 5 and 12 ). More grain boundaries and defects exist in the nanocrystal structure of S1 and P1, compared to the single crystal. Also, according to XRD results ( Fig. 2a and 10a) , tensile stresses and compressive stresses exist in ribbon and powder samples, respectively. Material microstress can facilitate the catalytic activity of nanocomposite samples in the catalysis process. 57, 77 Raman results show that RGO contains a large number of disordered carbon atoms, i.e. a large amount of defects. 58 The defects of RGO can help ions/electrons to transfer in electrochemical reaction process. In addition, according to the report of Bäumer et al., 30 the traced residual Al impurities undetected by XRD are crucial for the excellent oxidative activity of NPG and could also contribute to the activity of Au nanostructures. Grain boundary, stress, RGO defects and residual Al atoms are four kinds of defects in NPG/ RGO ribbon and powder nanocomposites, which can benet the catalytic activity of NPG. 78 In short, in the cooperation of the participation of RGO sheets and unique ligament/channel nanostructure of NPG, NPG/RGO ribbon and powder nanocomposites have a better catalytic activity for MOR than NPG. Adding GO in dealloying process could be one new method to obtain the NPG materials with the excellent catalytic activity. Table 4 The corrosion potential E corr (V), anodic slope b a (mV dec À1 ), and exchange current density j 0 (mA cm À2 ) obtained from Tafel curves of P0 and P1 electrodes in alkaline and acid solutions, respectively
Samples E corr (V) b a (mV dec À1 ) j 0 (mA cm À2 ) 0 
Conclusions
(1) The nanoporous gold and reduced oxidized graphene (NPG/ RGO) nanocomposites in ribbon shape were successfully prepared by dealloying Al 2 Au 1 ribbons in 10 wt% HCl solution with various GO concentration (C GO ¼ 0, 50, and 100 ppm), which were labeled as S0, S1, and S2, respectively. The RGO nanosheets of S1 and S2 are anchored on the surface of NPG in a cicadas wing like shape.
(2) With increasing the C GO , the lattice constant a 0 , and nanograin boundary density of 3D bicontinuous NPG and the thickness of RGO tend to increase. The catalytic activity of S1 for methanol electro-oxidation reaction (MOR) is the highest due to the optimized NPG structure and the role of conductive agent and buffer layer played by RGO.
(3) The NPG/RGO nanocomposites in powder shape were also successfully prepared by dealloying the Al 2 Au powders in 10 wt% HCl solution with C GO ¼ 0 and 50 ppm (labeled as P0 and P1). The catalytic activity for MOR of P1 is higher than P0 and has a marvelous structural stability aer electrochemical tests. These results supply a new method for us to obtain the nanoporous gold with excellent catalytic activity through adding GO in dealloying process.
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